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Barrier RF Stacking Study 
 

1. Goals: 
• Near term - To increase proton intensity (protons per second, or pps) 

on the p-bar target by 50%: 
o Present: 4.5e12 protons every 1.467 seconds (22 Booster 

cycles). 
o Stacking goal: 9e12 protons every 2 seconds (30 Booster 

cycles). 
• Medium term - To increase proton intensity (protons per second, or 

pps) on the NuMI target by 60%: 
o MI baseline: 3e13 protons every 1.867 seconds (28 Booster 

cycles). 
o Stacking goal: 6e13 protons every 2.333 seconds (35 

Booster cycles).  
 
2. Status as of September 2002: 

• Paper study is finished. Main results: 
a. Can stack 2 Booster batches into the size of one Booster batch 

in the MI for p-bar production. 
b. Can stack 12 Booster batches into the size of six Booster 

batches in the MI for NuMI. 
c. Longitudinal emittance blow-up is about a factor of 3 (from 0.1 

eV-s to 0.32 eV-s). 
d. Key issue is that the Booster beam must have a small ∆p/p to 

start with (required ∆E about ±6 MeV).  
e. Compared with the slip stacking (another proposed scheme), 

one main advantage of the barrier rf stacking is smaller beam 
loading effects thanks to lower peak beam currents. 

• Beam experiments and hardware are in preparation. 
 
3. Experiments in the Recycler: 

• Goal: To verify the simulation results. 
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• Recycler proton beam: 4 bunches (2.5 MHz) per injection from the 
MI. Longitudinal emittance = 2.5 eV-s per bunch. Assuming 
parabolic distribution, this gives ±4.7 MeV in energy spread. 

• Recycler wideband rf: 2 kV maximum. 
• Two experiments: 

a. Beam squeezing at various barrier bucket moving speed. 
b. Stacking using off-momentum injected beams. 

• Key parameter ∆p/p measurement: 
a. Schottky spectrum: 

 Doable for unbunched beams. 
 Difficult for bunched beams. 
 Our case is somewhat in between: The beam is 
debunched (no synchrotron oscillation), whereas there is 
a strong coherent gap signal.  

b. Bucket scanning. 
 
4. Experiments in the Booster: 

• Goal: To obtain small ∆p/p beam at Booster extraction. 
• Experiments: 

a. To suppress coupled bunch instabilities: 
 Feedback - Longitudinal damper. (D. Wildman) 
 Landau damping - To operate one rf cavity at h=83.  

b.  To lower ∆p/p of the beam at extraction: 
 Bunch rotation. 
 Adiabatic compression. 

 
5. Hardware Development: 
 1) Barrier rf system for the MI: 

• Goal: To build an 8-10 kV barrier rf system using Finemet 
cavities and high voltage fast switches.  

• Cavity: Based on the design of an rf chopper that was built 
by a Fermilab-KEK collaboration through a US-Japan 
Accord. Hitachi Metals will supply the Finemet cores. 
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• Switch circuit: Also based on the design of the rf chopper. 
Behlke will supply the switches (solid state HTS series). 
However, there is an important difference between the 
chopper circuit and the barrier rf circuit. The former uses a 
pair of +V and -V pulses. The latter requires a zero-voltage 
gap between +V and -V pulses. Therefore, the circuit needs 
to be modified. 

 
 2) MI rf modification: (J. Griffin) 

• Goal: To reduce the beam loading effect by a factor of 3-4.  
• Method: To lower the screen voltage from +2 kV to -100 V. 
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Barrier RF Stacking for NuMI 6-Batch Operation (B. Ng) 
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Barrier RF Stacking for p-bar 2-Batch Production (B. Ng) 
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Barrier RF Experiments in the Recycler (C. Bhat) 
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Properties of Finemet (a nanocrystal magnetic alloy) 
 

(a) Finemet vs. Ferrite (C. Ohmori et al.)
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(b) Finemet (nanocrystal) vs. Metglas (amorphous) and Silicon 

Steel (macrocrystal) (A.W. Molvik and A. Faltens) 
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RF Chopper Cavity made of Finemet (Fermilab/KEK)
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Comparison: Ferrite (4M2) vs. Finemet 
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Finemet Core Design 
 
 



13 

Sample Finemet Core Measurement Data 
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Appendix. RF Cavity made of Finemet in the Main Injector  

(D. Wildman) 
 

 
 


